Four fungi of the Aspergillusflavus group were differentiated to the species level and strain level by pyrolysis-gas-liquid chromotography. Comparisons 
Methods which have been used to characterize microorganisms include analysis of volatile products in head space (6) , fatty acid composition (3, 8, 12) , deoxyribonucleic acid base composition (5, 11) , infrared spectroscopy (20) , electrophoresis (19) , and gas chromatography (1, 2). However, results from studies with these methods give an incomplete picture of the genotypic expression of microorganisms and are usually too tedious and time consuming for routine analysis.
A comparatively new method for identifying and characterizing microorganisms combines pyrolytic degradation of cells or cell fragments with gas-liquid chromatographic analysis (15) . Resulting pyrochromatograms show elution patterns characteristic of genus, species, and, in some instances, strains (16) . Pyrolysis-gas-liquid chromatography (PGLC) has previously been used to characterize bacteria (14) , fungi (13) , and nucleotides or nucleosides (22) .
Differentiation of species or strains of fungi by PGLC has not been comprehensively described, although Oyama and Carle (13) MATERIALS AND METHODS Microorganisms. Table 1 shows the source of fungi of the A. flavus group that were used in this study. These fungi were maintained on Czapek-Dox agar slants at 3 C until used.
Culture media and growth conditions. Conidia were transferred from slants to Czapek-Dox agar medium in plastic petri dishes (15 by 100 mm) and incubated in darkness at 25 C for 7 days. Six plate cultures were prepared for each strain for analysis at two different times.
Harvesting of conidia. Conidia were washed from mycelial mats with methanol, concentrated twofold over nitrogen, and lyophilized. Lyophilized conidia were transferred to 1 -ml tared-glass vials and weighed. Methanol (1 ml) was added to the vials which were sealed with Teflon-lined screw caps. Sample vials were stored at -20 C.
Controls. Control samples (noninoculated CzapekDox agar medium) were treated in the manner used for harvesting conidia.
Pyrolysis-gas-liquid chromatographic analysis. A dual-column gas-liquid chromatograph (series 5000; Barber-Colman Co., Rockford, Ill.), fitted with a hydrogen-flame ionization detector, and a pyrolyzer (model 5180) were used. The general procedure for quantitative analysis of conidia was to reduce the temperature of the pyrolysis ribbon to -50 C with liquid air before addition of 500 ,g of conidia in methanol. Oxygen and volatiles (boiling point of 175 C or less) were removed from the sealed chamber by purging for 5 min with helium. Pyrolysis was carried out at 900 + 10 C for 10 sec in a continuous stream of carrier within closely defined instrumental parameters for quantitative reproducibility. Samples were analyzed in duplicate. Pyrochromatograms recorded as "fingerprints" or PEP represent detection of thermal fragmentation products.
Operating conditions for PGLC. "U"-shaped glass columns, 6 feet (1.8 m) by 4 mm inner diameter, were packed with Gas-Chrom Q (80 to 100 mesh) coated with 10% Carbowax 20 M. The packed column was conditioned for 2 weeks at 180 C in a forced stream of helium before use. Operating parameters were as follows.
We used a hydrogen-flame ionization detector with a sensitivity of 2 X 10-10 amp (signal attenuated). The gases were: air, 15 psi-gauge, hydrogen, 35 psi-gauge, helium 25 psi-gauge. The temperatures (C) were: pyrolyser body heat, 175, injection port, 300, detector, 320; pyrolyser filament (nickel), 900 A 10 C for 10 sec. Temperature programs were: initial isothermal period and temperature, 5 min at 40 C; linear programmed-temperature increase rate, 7.5 C per min to a final temperature of 200 C; isothermal at 200 C until completion of analysis. Chart speed was 20 inches per hr.
The distance (millimeters) from emergence of the initial recorder tracing to a peak appearing in all samples evaluated was used for reference. The average distance of the reference peak was 137 mm. Other Tracings for each of the three strains of each species studied have been combined into composite bar graphs to show the number of strains with common, atypical, or dissimilar peaks, the average height for each peak, and the R, for each peak (Fig. 5 to 8 in a three-dimensional mode. Each character corresponds to a given dimension and thus would disperse hyperellipsoidally. The dispersion of vectors x, y, and z would occur in decreasing order, i.e., the longest first, followed by the second orthogonal to the first, etc. A computer would be required to consolidate the original data on each reference species and strain into three coordinates to locate the points of reference in their final identification spaces.
Thus, unknown strains and species may be properly identified, provided these organisms match with all or with a predetermined number of points representative of the reference species or strains in the three-dimensional identification space. The computer would compare the PEP of the unidentified organism with each PEP of the reference organisms. When reference groups share overlapping coordinates, the unknown organism would then be placed in the reference group with which it has the greater affinity. The computer would then indicate the points on which the unidentified organism differs from the principal reference group pattern.
Quantitative differentiation of strains also may be achieved by comparing the ratio of any given peak height to the reference-peak height or, where peak-height inversions appear, the ratio of inverted peak-heights relative to the referencepeak height. This may be shown by comparing the PEP of our two strains of A. tamarii (Fig. 10 a Number of peaks present in the first species (left) but not in the second, number of peaks present in the second species (right) but not in the first. in the two pyrochromatogram tracings. Prominent peak inversions are observed between strains MK-4/67 and MK-35/64 in the heights of peaks 1 and 2, 3 and 5, 5 and 8, and 4 and 6. Also present are differences in the intensities of two peak heights relative to one another as may be seen in peaks 3 and 4, 4 and 5, 7 and 8, 9 and 10, and 10 and 11. The foregoing illustrates the nonseparability of two strains based only on a two-state test, thus necessitating the introduction of at least a third parameter for differentiation. In a multistate test scheme for computer identification of unknown strains compared to reference strains, the addition of further axes, i.e., x, y, z, q, may be necessary (thus creating a four-dimensional mode). This could determine the affinity figure which could best describe the group in which an unknown strain would fit in terms of identification space for each characteristic point relative to characteristic points assigned to reference strains.
Because 
